Formation of drug-arylsulfonate complexes inside liposomes: a novel approach to improve drug retention.
The development of procedures to enhance drug retention in liposomes is important in order to achieve therapeutically optimized rates of drug release from liposomal carriers. In this study, the ability of lipophilic weak base drugs to complex with arylsulfonates resulting in formation of intravesicular precipitates is investigated as a means to enhance drug retention. It is shown that the arylsulfonates benzenesulfonate and hydroxybenzenesulfonate (HBS) induce precipitation of ciprofloxacin and vinorelbine, two representative weak base drugs that are difficult to retain in liposomal systems. The most complete precipitation was observed at pH values corresponding to charge neutralization of the drug-arylsulfonate complex. HBS is shown to be a much more effective precipitating agent than benzenesulfonate. It is also shown that vinorelbine and ciprofloxacin can be loaded into large unilamellar vesicles (LUV) containing the calcium salt of HBS using an ionophore-based loading method. Following drug loading, the formation of intravesicular drug-arylsulfonate precipitates of vinorelbine and ciprofloxacin was observed by cryo-electron microscopy. In vitro release experiments showed substantial improvements in drug retention for both vinorelbine and ciprofloxacin when HBS was present as compared to standard loading procedures employing MgSO4 as the entrapped solute. In vivo release experiments for vinorelbine in NuNu mice indicated a half-time for release for HBS-containing LUV of approximately 30 h, compared to 6.4 h for LUV loaded employing MgSO4. It is suggested that encapsulation procedures employing HBS in the internal medium can improve the retention of drugs that are difficult to retain in liposomes, possibly leading to enhanced therapeutic properties.